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The present invention relates to a rotational speed sensor comprising a rotatable 
ring, e.g. connectable to a bearing, having K magnetic pole pairs distributed angularly 
over the rotatable ring, K being an integer greater than one, and sensor means 
positioned relative to the rotatable ring such that a varying magnetic field is detected by 
the sensor means. 

Such a rotation sensor is known fi-om American patent US-A-5, 1 84,069, which 
describes a rotation sensor for detecting relative rotation between two components 
which are coupled by an anti-fiiction bearing. The rotation sensor comprises a tone ring 
with a layer of magnetic ink, the layer defining multiple magnetic poles, with the north 
and south poles being alternatively positioned at the circiunference of the ring. The 
rotation sensor further comprises a transducer for detecting a varying magnetic field 
when the two components rotate with respect to each other. 

However, the arrangement of US-A-5,1 84,069 is susceptible to a number of error 
mechanisms. The layer having multiple magnetic poles is difficult to manufacture 
within very strict tolerances. The distance between north and south oriented magnetic 
poles on the layer is not always constant over the entire layer circumference. This 
causes the detected magnetic field to have anomalies when the disc rotates, caused by 
the phase errors, also indicated by the term jitter. 

Further problems occur when the layer on which the magnetic poles are arranged 
is not making a perfect circular motion. This may be caused by radial movement of the 
layer with respect to the magnetic sensor, and causes fiuther errors in the sensor output 
signal. - ■ 

Also, external magnetic fields may influence the signal generated by the magnetic 
sensor. . 

. The present invention seeks to provide a rotational speed sensor having an 
improved performance, especiaUy with respect to jitter. 

This is accomplished according to the invention by a rotational speed sensor 
according to the preamble defined above, in which the sensor means comprise at least a 
first pair of magnetic sensors, the first pair of magnetic sensors being positioned 2nUK 
radians apart firom each other, L being an integer between 1 and K-1 . In such a 
configuration, the two magnetic sensors of the first pair look at the same pole of 
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different magnetic dipoles. This allows to obtain a signal with a higher signal strength, 
reducing the effect of jitter. 

In a further embodiment, L is equal to K/2, i,e, the magnetic sensors of the first 
pair are positioned diametrically opposite to each other. This embodiment allows for a 
reduced sensitivity to jitter, but also a reduced sensitivity to movement of the disc in a 
direction along the line connecting the two magnetic sensors, i.e. radial movement of 
the disc. 

The sensor nieans may in a further embodiment comprise at least one second pair 
of magnetic sensors, the second pair of sensors being positioned 27tM/K radians apart 
from each other, M being an integer between 1 and K-1 , the first pair of sensors and 
second pair of sensors being positioned at a relative position of (27c/K)*((2n-l)/2) 
radians, n being an integer greater than one. In this configuration, the second pair of 
sensors looks at the opposing pole of the magnetic dipoles, i.e. in anti-phase with the . 
first pair of magnetic sensors. This allows to cancel out external influences, such as 
external magnetic fields and temperature effects. 

To allow detection of the direction of rotation, the sensor means may further 
comprise an additional magnetic sensor, positioned at (27i/K)*((2m-l)/4) radians firom 
the first or second pair of magnetic sensors, m being an integer greater than one. From 
the phase of the additional magnetic sensor signal, compared with the phase of the 
other magnetic sensors, the direction of rotation may be determined. Depending on the 
configuration, a phase advance may indicate a clockwise or counter clockwise rotation. 

One further embodiment comprises magnetic sensors of the Hall effect type. 
These kind of sensors allow to operate in a high temperature environment. 

In further embodiments, the rotational speed sensor is connectable to signal 
processing means. The signal processing means may be arranged to add the signals 
fi-om the magnetic sensors of the first pair to obtain a first sensor pair signal. Also, the 
signal processing means may be arranged to add the signals firom the magnetic sensors 
of the first pair to obtain a first sensor pair signal and to add the signals fi om the 
magnetic sensors of the second pair to obtain a second sensor pair signal and to 
subsequently subtract the second pair signal fi-oni the first pair signal. Furthermore, the 
signal processing means may be arranged to add the signals firom'the magnetic sensors 
of the first pair and/or the second pair to obtain a first sensor pair signal and/or a second 
sensor pair signal, respectively, and the signal processing means may be fiorther 
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arranged for determining a speed direction from the first sensor pair signal and/or the 
second pair signal and the signal from the additional magnetic sensor. These speed 
sensors with processing means elements may provide the above described advantages 
resulting in electrical signals for fiuther processing or control purposes. More 
5 advantageously, the sensor means and signal processing means are integrated, e.g. in a 
bearing. As signal lines from the sensors to the processing elements will then be very 
short, the output signal will be very resistant to external influences, such as 
electromagnetic interference. 

The present invention will now be explained in further detail using a number of 
10 exemplary embodiments, with reference to the accompanying drawings, in which 

Fig. 1 shows a top view of a rotational speed sensor according to one 
embodiment of the present invention; 

Fig. 2 shows a block diagram of the signal processing means associated with the 
rotational speed sensor of the present invention; 
15 Fig, 3 shows a block diagram of further signal processing means elements. 

An exemplary embodiment of the rotational speed sensor 10 is shown in a top 
view in Fig. 1. The speed sensor 10 comprises a ring or disc 11, which may be attached 
to a rotating element, e.g. a bearing ring. The direction of rotation is indicated in Fig. 1 
by the arrow. The ring 1 1 comprises K magnetic dipoles 12, in the configuration shown 
20 K=12. It will be clear that a smaller or larger number of magnetic dipoles 12 may be 
present. Each magnetic dipole 12 comprises a south pole 13 and a north pole 14. The 
magnetic dipole orientation is such that at the circumference of the disc 11, the south 
pole and north pole alternate. Each magnetic dipole 12 subtends an angle a of the disc 
11. Ideally, this angle a would be the same for each magnetic dipole 12 of the speed 
25 sensor 10. Also, the dimension of south pole 13 and north pole 14 would be identical. 
However, in practice, the dimensions of the south pole 13 and north pole 14, and. of the 
magnetic dipoles 12 mutually will be slightly different, mainly due to fabrication 
tolerances. TTiis will cause variations in the magnetic field at a predetermined position 
at the circumference of the disc 1 1, an effect also indicated by the term jitter. 
30 Also, when using only a single magnetic sensor to detect the magnetic field at the 

predetermined position, variations in the distance between sensor and disc will cause 
anomaUes in the detected signal. External magnetic fields will also negatively influence 
the sensor signal. 
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In the embodiment shown in Fig. 1, the speed sensor 10 comprises 5 magnetic 
sensors 15-19 at the circumference of the disc 1 1. The magnetic sensors 15-19 may be 
attached to a fixed part, e.g. a fixed ring of a bearing. The magnetic sensors 15-19 may 
then be used to detect the rotational speed of the disc 1 1 relative to the magnetic 
sensors 15-19. 

A first pair of magnetic sensors is fomied by the sensors 15 and 16. These sensors 
are positioned exactly opposite each other (n radians) and sense the same polarization 
of oppositely positioned magnetic dipoles 12. The sensors 15 and 16 each provide a 
sinusoidal shaped signal. In more generalized terais, the sensors 15, 16 of the first 
magnetic sensor pair must look at the some polarization, or they must be positioned at 
an angle of 27rL/K radians apart, in which K is the niraiber of magnetic dipoles 12 of 
fhe sensor 10, and L is an integer between 1 and K-1. 

A rotational speed sensor 10 equipped with only the first pair of magnetic sensors 
15, 16 will show an unproved jitter behavior. The signals firom the first pair of 
magnetic sensors 15, 16 may be added, providing a sinusoidal signal with double the 
amplitude as compared to a single sensor. Also, small errors caused by jitter will be 
smoothed, thus leading to a jitter-improved signal. 

When the magnetic sensors 15, 16 of the first pair are positioned exactly at tc 
radians from each other, the speed sensor 10 will also be more resistant to movement of 
the disc 1 1 along the line between the two magnetic sensors 15, 16. When the disc 1 1 
moves towards the sensor 15, the signal delivered by that sensor 15 will become larger, 
but at the same time, the signal delivered by the other sensor 16 will become smaller. 
By adding the two signals, the resulting signal will show no or less anomalies. Further 
first pairs of magnetic sensors may be added at multiple angles of the angle a (or at 
positions equal to 27t*l/K, 1 being equal to a value between 1 and K-1), in which tiife 
magnetic sensors of the fiirther first pair are also positioned at n radians firom each 
other, to provide fiirth^ axes along which the sensitivity to radial motion of the disc 1 1 
is reduced. 

To fiirther improve the behavior of the rotational speed sensor 10, a fiirther pair 
of sensors 1 7, 1 8 may be added, which look' at the oflier pole of the magnetic dipoles 
12. In the top view shown in Fig. 1, the magnetic sensors 17, 18 of flie second pair look 
at a transition firom a south pole to a north pole, while the magnetic sensors 15, 16 look 
at a transition from a north pole to a south pole, i.e. the first pair and second pair are in 
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anti-phase. The signals from the second pair 17, 18 may also be added (as for the first 
pair), and the resulting signals (which already provide a better jitter resistance) may be 
subtracted from each other to provide an even better jitter resistant signal. Also, the 
susceptibihty to radial movement of the disc 1 1 is improved in the same manner as in 
5 the embodiment described above. As the resulting sine wave is of a better quality, it 
will be possible to obtain a more accurate interpolation of the signal. 

In Fig, 2, a schematic block diagram is shown of processing means that may be 
connected to the rotational speed sensor 10 for providing a speed signal. The 
processing means comprise a first addition element 20, for adding the signals A and B 

10 from the magnetic sensors 15 and 16 of the first pair. Furthermore, the processing 

means comprise a second addition element 21 for adding the signals C and D from the 
magnetic sensors 17, 18 from the second pair. The resulting signals are subtracted from 
each other in subtraction element 22. At the output of the subtraction element 22, a 
signal Vout is present, which has an ampUtude which is the quadruple of a single 

15 magnetic sensor. Furthermore, the sigaal has a reduced sensitivity against jitter and 
radial movement of the disc 1 1 . 

In more general terms, the second pair of magnetic sensors 17, 1 8 should be 
positioned at an angular distance of (27r/K)*((2n-l)/2) radians, n being an integer 
greater than one. As in the first pair, the magnetic sensors 17 and 18 of the second pair 

20 should be positioned relative to each other at an angular distance of 27cM/IC, in which 
M is an integer between one and K-1. 

A fiirther advantage of the present rotational speed sensor 10 is that an external 
magnetic field has the same influence on the signal of the first pair of magnetic sensors 
15, 16 as on the second pair of magnetic sensors 17, 18. However, as the signals from 

25 these sensors are subtracted from each other, the external influence contribution cancels 
out. Thus, the present rotational speed sensor 10 has a better resistance against external 
magnetic field disturbances than prior art sensors, both in static and dynamic 
conditions. 

The rotational speed sensor 10 can easily be modified to allow detection of the 
30 direction of rotation of the disc 1 1 . To this end, the speed sensor 10 is fiirther provided 
with an additional magnetic sensor 19, which is positioned relative to the other 
magnetic sensors 15-18 with a multiple of 7c/2 radians. In more general terms, the 
additional sensor 19 should be positioned at an angular distance of (27c/K)*((2m-l)/4) 
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radians from the first or second pair of magnetic sensors, m being an integer greater 
than one. The signal from the additional sensor 19, or rather the phase of the signal, can 
than be compared with the signal &om one of the magnetic sensors 15-18. Depending 
on the relative position of the one sensor and the additional sensor 19, the direction of 
5 rotation may be determined. Also, the signal from the additional sensor 19 may be 
compared with the sensor speed output signal Vout. 

A plurality of first and second pairs of magnetic sensors 15-1 8 may be provided 
to even fiirther reduce the sensitivity to external magnetic fields, jitter and radial 
movements. 

10 Fig. 3 shows a block diagram of a further element of the processing means 

associated with the speed sensor 10. A phase comparator 23 compares the phase of the 
signal of the additional sensor 19 (indicated with E) and a signal of the first magnetic 
sensor 1 6 (indicated with A). It will be clear that the signal A can also be replaced with 
the signal Vout which is output by the subtraction element 22. 

15 When the magnetic sensors 1 5-19 are provided as Hall sensors, the speed sensor 

10 is able to operate at high operating temperatures, which maybe advantageous in 
many appUcations. Also, in the differential measurement variant discussed above, 
temperature compensation of the Hall effect sensors 15-19 will automatically occur. 
The speed sensor 10 may be applied in many applications for measxu-ement of 

20 rotational speed, e.g. in application where bearings are used. The disc 1 1 is then afSSxed 
to one of the rotating parts, while the magnetic sensors 15-18 are aflSxed to the other 
rotating part (or static part). The processing means 20-23 are advantageously integrated 
with the speed sensor 10. The resulting short sig^ial leads will even fiirther improve tiie 
. resistance against external electromagnetic fields. 
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Thepi^enttevcnuoantoto arotatioiial speed sensor comprisiiig a rotataWo 
rio8.e.g.coimeciAleloabcarihg.bBviDgKmagneticpolepairsdistrft^^^ 
5 over the totalablcrinB. Kbeins an integer greater than one, and sensor means 

positioned relative to the toiatable ring such that a varyiDgmagnetic fidd is detected by 
the smsor means. Moreparticalarly. the presaitiaventioDrcfetestoa 

sensor as defined in the preamble of claim 1 - 

Such arotalional speed sensor is known from Oemiai. patent application DE-A- 

10 198 10 218. 

A fixrtber rotation sensor is kno^ fro« American patont US-A-5,1 84,069. which 
describes a lot^on sensor for detecting relative rotation between tvo components 
which arc conpled by an anti-friction bearing. The rotation sensor comprises a tone rms 
with a layer of magnetic ink. the layer defining multiple magnetic po Ics, vdtb the north 

15 and south noles being alternatively positioned at the circumference of the ring. The 
rotations^fiiriher comprises a transducer feu- detecting avaiying «.ag^^ 
when the tvro components rotate with, respect to each other. 

However, anrangement according to the prior ait is susceptible to a immbcr of 
error mechanisms. The layer having multiple magneUc poles is diScult to tnanufectnrc 

20 within very strict tole^mcB. Thz distance between north and south oriented magnetic 
poles on the layer is not always constant over the entire layer dicumfcrence. This 
causes the detected magnetic Sold to have a:nomaHes when the disc rotates, caused by 
the phase enrots, also indicated by ^ term jitter. 

Further problems occur when the layer on which the magnetic poles arc aitanged 

25 is aotmakingapeifectciTCular motion. This maybe canscd by radial movement of the 
layd- with respect to the magnetic sensor, and causes fnrthcc errors in the sensor output 
^gnal. 

Also, external magnetic fields may influence the signal generated by die magnetic 



sensor. 



30 The present invention seeks to provide a rotational speed s«nsor having an 

improved performance, especially with respect to jitter. 



AMENDED SHEET 

Best Ayofl^le Copy i 



21. JUL. 2004 12:21 NED. OCTROOIBUREAU 31 70 3527528 NR. 725 P. 26 

NL030004 

25-03-2004 )|)4.M 9:54 PAHu.il)352?52« iNederlandsch Otrooiburea 007 26.03.20., ...... 



10 



15 



PCT/NUJ3/00045 »«ndcdpag62 

. Thisis«complishcdaccordnx6tothei«.cnUonbyar<rt3lic^^eed.^^^ 
^ding to the prc^blcdoSncd above, bavingthcclu^^ 

"'^Lacoo£g»«tio»,a.e^vcma^.ticse«so«offhcfirstp 
pole of diffferoitiuagnctJc dipolcs. Ibis allows to obtain a .ignal with ahigb^.^al 
strength, rcdudixg die effect of jitter. Also, the second pair of sensors looks at *e 
opp^,poleof^c.a^tic.ipolc.,.e.I.a^i^basewith..ofi^^ 
Z^rs. allows to cancel out exten^d i.f.u«c«, s«eh as cxt«x,al n«gnet.c Cdd. 

and temperature effects. • . , -^j. 

In a furOvei embodiment Lis equalto K/2 (Kbemg aaevoivabcdrntegerX :.c. 

the magnetic scnso« of tho first paix are positioned diametricaUy opposite to each 
other, lliiscmbodimcntallowslbrareducedscnsitivity to j^^^^ 
s«ddvitytonK,vementofthedi.cinadirection3lo«gtiicUn.cac«ect^^ 

raagnctic sen««s,i.e. radial movement of the disc. 

To allow deteciion of the direoioii of rotation, the sensor means niay tother 
comprise an additional Tnagnetic sensor, positioned at (2^)* (C2m-l)/4) radians from 
fl^ first or aec«ndpairefmasn.ticscn3ors,mbeinganmtegerg.c3.a:1haaon^^^^ 

the phase of the additional magnetic sensor signal, compared vath th e phase of the 
o&er magnetic senson. the direction of rotation may be dct«min.d. Depending on the 
confisur^on.aphasoadvanocmayindicateaolockwiseorcoumerdockwiscrot*b^ 

One further embodimenl comprises magneoc sensors of the HaU effect type 
These M of sensors allow to operate in a hish Tempe«tu« environment. 

In fcrthcr embwHmorts. the lotaliond speed sensor is cormectablc to signal 
processingmeans. The signal proeesSinsmeansmay be arranged to add the signals 

25 fiomthemagnrficsensorsofftefirstpairToobtainafintseasorpairagnal. Also. the 
rienal procossingmeanB may be arrangedto add the signals &om the magneuc sensors 
of fte first pair to obtain a first sensor pair signal and to add the signals from the 
magnetic sensors of the second pair to obtain a second sensor pair signal and to 
subsequently subaact the second pair signal &om the f.rst pair signal. Furthermore, the 

30 signal processing means may be arranged to add the signals &om the magnetic sensors 
of the first pair and/or the second pair to obtain a first sensor pair signal and/or a second 
server pair signal, respectircly. and the signal processing meansmay be further 
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